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DISCLAIMER

Certain commercial equipment and materials are identified in this report to specify adequately
the technical aspects of the reported results. In no case does such identification imply
recommendation or endorsement by theidteti Telecommunications and Information
Administration, nor does it imply that the material or equipment identified is the best available

for this purpose.
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BEST PRACTICES FOR RADIO PROPAGATION MEASUREM ENTS
Chriss HammerschmidRobert T.Johnk, PauM. McKenna® Chris Andersoh

This report describes a set of best practicethfopreparation aneerification of
radiopropagation measuremesystens. We discuss advantages and
disadvantages of various channel soundeescommon components used in
these systemand measurement these components. We then move to system
verification measurements both on the benchtopraedme preliminaryputdoor
propagatiormeasurementd.he appendices discusacertainty analysis, antenna
measurements, and system repeatability and senséivitlysis measurements.

Keywords: measurementsadio propagationradio propagation measurements, radio
propagation measuremesystemyadio propagatiomncertaintiestadio
measurement system performaneeification

1. INTRODUCTION

In June 2010, the National Telecommunications and Information Administration (NTIA), in
collaboration with the Federal Communications Commission (F@&jtaskedo make

500MHz of Federal and nonfedergphectrum available for fixed and mobile wirelessdatband
servicesdy 2020[1]. One way to ehiewe this goal involves instituting spectrum sharing
arrangements between Military Services and commercial wirelessrs§2} prior to
transitioningMilitary Services out of the ban@heDefense Spectrum Organization (DSO) has
been tasked with managing the Advanced Wirelesgi&s(AWS)-3 transition. A key part of

the transitioninvolves developing new propagation models for evaluating +laeeuency (RF)
interference between military RF systems and commercial wireless systems sharing the same
frequency bands.

An essential padf developing improved RF propagation models is conducthsitin

propagation measurements, both to gain insight into the physics of particular propagation
regimes as well as to validate existangdnew propagation models developed in support of
spectrum sharinglt is vital that such propagation measurements be conducted in such a way that
the measurememnésuls are as accurasad repeatablas possible.

Thelnstitute for Telecommunication Sciences$)Thas a long historgf conductingaccurag,
well-regardedpropagation measuremenif§S hasrecentlybeentasked bythe Defense Spectrum
OrganizationDSO) with sharingwith the wider technical communitis institutionalknowledge
of howto bestmeasureand process RF propagation data.

! The authors are witthe Institute for Telecommunication Sciences, National Telecommunications and Information
Administration, U.S. Department of Commerce, Boulder, CO 80305.

2 The author is witlthe Department of Electrical Engineering at the &thiBtates Naval Academinnapolis, MD

21402.



We haveprepared this documeint response to that challenddere, we describbest practices

for the preparation, and performance verification of, RF propagation measurement systems prior
to conducting propagation measuremexttBeld locationsITS has spente last few years

verifying the accuracy of thegontinuous wave@W) channel sounder system. As part of this
verification, we have been working with other agencies who have channel sounders to
understand thancertainty boundg3].

We begin the report by briefly discussi(®ection2) the advantages and disadvantages of
variety of basichannel sounder system architecturél a vector network analyzer (VNAJ2)

a continuousvave(CW) system(3) a full-bandwidth, correlatiofbased systen{4) a direct

pulse system, an@) a sliding correlator systefB3]-[5]. The five soundersonsidered have
common elements; howeverach hasradeoffs that makaet performbetter (or worse) from one
type of propagation environment to the n&¥e provide a table that describes these tite

on a systenby-system basjsand recommensluitable propagation measurement system designs
as a funtion of propagation environment.

Five major sectionfollow. The first(Section3) discussesmstrument warrrup times the

selection oRF connector typesechniqies for, andhe importance gimakingproper
connectionsand the difference between using a VNA versus using a power meter to measure
losseswithin a measurement system

Prior to conducting propagation measuremasags)ponentossesgcharacteristics, a&h

operational bandwidths should be measuféese topics are discussed in Sectio@nce

components of the system are understood, we can begin assemblingditeasysithecking the
characteristics of the system. Important system characteristics are discussed irbSection

Section6 discusses the importance of benchtop system testing and techniques that can be used to
verify simulated reaWorld environmentsThis is an important stegp that we understand

various type®f propagation environments prior to makinesitu, outdoor propagation

measurements. The benchtop measurements can also be used to verify performance between
various channel sounddf}.

Oncea measurementystend s per f or ma n c eonadbenshtopjte perormaree | f i e d
needs to be checkedarealworld environmentSection7 discusseshis topic via an example

of various types opropagatiormeasurements that s performeéh a neighborhood

adjacent to the laborataryhe example shows ha@stingwas performed viaothline-of-sight

(LOS) paths and natine-of-sight (NLOS) path$o give us insights into tygef propagation

channes that might bexpeced.

Appendix Aexplainsvarious uncertainties associated with ad¢gpmeasurement system.

Appendix Bdiscusses antenna measurements both in a general sense and for specific examples
of measurement scenarios. Each scenario can be used to characterize the antenna pattern of an
antenna. Some of these measurements will have increased accuracy, while @yheagen

increased uncertainties associated with tHarAppendix B we discuss antenna measurements

by starting with the best measurement that can be made aing &nth a very generalized
approach that wonoét be as acchimlytAgpendb@t may
provides some further analysis that ITS ertdok to understand the uncertainties associated with
their measurement systammich may be helpful for other researchahte looked at both system



repeatability and a screening measurenttgttallows us tainderstand the dependence of
propagatiormeasuementresuls onvarious input parameters such as antenna heigtiient
roadtraffic patterns, LOS streets versus streets in clutter fiaddsl transmitting power.

® Transmitted signals reflect off physical objects in the environment, including terrain features, buildings, and
vegetation. Such reflectors are collectively called clutter.



2. COMPARISON OF FIVE C HANNEL -SOUNDER ARCHITECTURE S

When a signal is transmitted irdkomearbitraryenvironment, as shown Figurel, the signal
can propagate along a direct patd)to areceiver €.g, a cell phone)it canbe reflected from
structues and terrain features (bluahd it can becattered fronor throughvegetationorange)
Collectively, all of these paths considered together are called the multipath envirdooeaht.
interfering signals and RF noisan further complicate th@tuation by combining witkhe
desiredtransmittedoropagatiorprobesignalinside the receiver

To understandnd characterizthis variety ofpropagation paths, many types of channel
sounders have been developed to measure impulse respbpsgpagabn channed. A
complete discussion of this topic is given in Chapter [Blpfherewe onlycomparedifferent
channel soundearchitecturs.

Figurel. Multipath environment experienced signals propagating betweerransmitter and
receiver.

There are five main channel soundechitecturs:

1) CW, generates a single tone

2) Directpulse generates periodic pukse

3) Frequencydomain(VNA), generates a series of frequencies at discrete steps
4) Correlationbased, generates a fihindwidth pseuderandom nois¢PN) sequence

5) Swepttime delay cross correlatéire., sliding correlatoy, generates PN sequence and
correlates in the analapmain to generate amawband signal at the receiver



Tablel gives a summary of the advantages and disadvantages of each type of channel sounder

Tablel. Advantages and disadvantages of various channel sounders.

Channel Sounder

Type Advantages Disadvantages Best application
1 Mobile 1 Long-rangeoutdoor
1 Simple architecture {1 Does not preserve environments
1 Dopplerspectra ; P v 1 Shortrange indoor
) . multipathtime
1 High dynamic range . . measurements
information
1 In-phase anduadratur€l-Q) . 1 Shortrange
information T Requires accurate indoor/outdoor buildin
CwW Easv toobtaint i knowledge of linkenergy enetration 9
T Easy oobtaintransmi budget for posprocessing P
authority . measurements
L . 1 Requires clear spectrum 1 Coherence time of
T arg((ja p:jqpagatlollj range transmitting frequency channels
T Good aidio sampling rates 9 No rootmean square .
(kHz range) 9 Best Doppler resolution
, (RMS) delay spread .
9 Continuougdatarecord 1 Imaging of local
acquisition scatterers
1 Low dynamic range
1 Prone to jitter and drift
9 Limited propagation rang
1 Widereceiverbandpass T Limi "
; ; o ; imited mobility
Direct Pulse T Slmplearch!tectgre . fllterlng tends taadr_nlt environments
1 Preserves time information undesiredn-band signals e
. , 9 Verification of other
1 Doppler spectra into the receiver Svstems
9 High-speed switch y
required
1 Requires high peato-
average power ratio
1 Very accurateNIST
traceable)
Wi . .
T Wideband , 1 Requiresaphysical
1 Moderate dynamic range .
q Limited tibilit connection between
Imited susceptibiliity transmitting port and
9 Path loss receiving port 9 Shortrange outdoors
Frequency 1 RMS delay spread 9 Indoor measurements

Domain (VNA)

1 Highest resolution of
timing/scattering information

1 Time-gating and
deconvolution to enhance
propagation parameter
extraction

1 Good nterference immunity

1 Low transmitting power

1 Slow acquisition

1 Limited propagation rang

1 No Doppler spectra

1 Limited tostatic channels

1 Some measurements
require trigger connection

9 Verification of other
systems
1 Shieldingmeasurements




Channel Sounder

Type Advantages Disadvantages Best application
9 Low dynamic range
 Mobile { Limited range {1 Shortrange mobile
1 Doppler spectra f Complex and time environments over all
1 Preserves time information consuming post types of terrain
1 Processing gain provides son  processing algorithms 1 Shortrange indoor
— immunity to noise and 1 Requires large measurements
Correlation-based interference measurement bandwidthg { Shortrange
1 Coherence bandwidth 1 Requires higher indoor/outdoor building
1 RMS delay spread equivalentisotropically penetation
1 Path loss radiatedpower (EIRP) measurements
1 Shadowing, fastading and (compared to CW) for a |  Complex nultipath
Rician K-factor given propagation range | environments

1 Largedatafile sizes

9 Limited temporal
resolution

1 Requires large
measurement bandwidthg

1 Requires higher EIRP
(compared to CW) for a
given propagation range

1 Dynamic range depends
on length of PN sequencg

1 Susceptible to strong-in
band interferers

1 Mobile

9 Narrow postprocessing
bandwidth, thus smallefata
file sizes

Sliding Correlator | 1 Preserves time information

9 Processing gain provides son
immunity to noise and
interference

1 Can resolve multipath
components in time

1 Mobile envirooments
1 Multipath environments

Although each of these channel sounders uses a different technique to measure various channel
parameters, tlyesharesome common elements: signal generator, power amplifier, receiver, and
selected components (filters, lavwoise amplifiers, mixers, cables, and antenr@g)er common
parametersra detection algorithms, system noise floor and system dynamic range, @ossibl
electromagnetic interferencempatibility (EMI/EMC) issues, and system uncertaintiesthe

sections that follow we will discuss the measurement and characteristics for each of these
parameters.



3. MEASUREMENT BASICS

Verifying that the measurement systesmoperatingoroperlyand collecting data as expected

prior to deployment aneasuremerbcationsis critically important In this section, we discuss

the importance afisingappropriate connector typdsest practices for usir@pnnectos, and the
difference betweeperformingsystem lossneasurements using a highly accurate vector network
analyzerversusa less accurate power meter. We also discuss measurgragmtwarmup

times andecommendetengths and characteristics of RF cabhdk.of these ifluence the
operation of the measurement system and, ultimately, the accuracycofléwted propagation
data.

3.1 General Remarks

Before beginningnytesting or measurements, it is important to allow adequate-wartime
for stabilization oftomponentsuch as/NAs, power amplifies, andreceiving instrumestion
Most manufacturers suggest at least-bak hour for warrmup. Turning the equipment ori 2
hours prior to any type of measurement activity ensure that all internal componemstabilize
attheir recommended operatitgmperature It is alsoimportant to keep equipment cool when
operating in higher temperaturas this influences the accuracy of the measurement

Cabledfor the transmitting and receiving s&i&f the system should Beptasshort agossible.

For the transmitting side, short cables allow for maxinnadmated transmittesutput power. If

the transmitting antenna is placedamast, it is important to usaw-loss, high phase stability

cables to accommodate the longer cabhgths between the transmitting equipment and the

antenna on the mast. On the receiving side, the noise figure of the receiving system is dominated

by the first component in the system after the antenna, which is typically a cable. This will be
discussedn greater detail isectiord.3Usi ng mi ni mum cabl e | ength be
antenna and its first amplifier will maximize sigratnoise ratio, improving erall

measuremergensitivity.

3.2 Connections

RF cables are used extensively in radio propagation measurements. Most RF cables used in the
field have Type NSubminiature Version ASMA), or 3.5 mm connector$he frequency range
of a measurement largely demines the recommeation of whichconnectoito use

Type N connectors are used for frequencies below 18 Ghtre are two broad categories of N
connectors: ordinary and precision. The ordinary connectors are less expensive than the precision
type and sbuld only be used at frequencies of 1 GHz or less. Precision N connectors can be used
at any frequency up to 18 GHz. The two types are visually distinguished by their inner shields:
ordinary N connectors have an inner shield with a flepetal design comsting of about six

little tongues of duHlooking pressed metal, whereas this shield is a solid piece of shiny,

machined metal in precision N connectdnsgeneral, precision N connectors are recommended

at all frequencies below 18 GHz.



SMA connectorgan be used for frequencies up to 26.5z2G815 mm connectors loakimilar to
SMA connectors and cover the same frequency range, except that the dielectistsaailr of
Teflon®. Air dielectrisreduce cable losses. All of these connectors are used Holans0
impedance environmerfigure2 shows pictures of N and SMA connectors.

N Connector SMA Connector

&)

Figure2. Type N(precision, distinguished by solid inner conductoryl SMA maleRF
connectorsPhoto courtesy of en.wikipedia.org.

It is important to use the appropriate torque wrench to tighten all RF connectors. Using the
appropriate torque wrench wikduce mismatch uncertainties, avoid loose connections, and
improve repeatability. There atgpically two torque values usddr RF connectors, Bi-Ib

(0.90 Nm) and 12 inlb (1.36 Nm). The 8 inlb torqueshould beusedfor connections at RF
input pors onmeasurement instrumenihe 12 in-Ib should beused to tighten all cabl®-cable
connectionswhich can otherwistail due to insufficient torque.

To demonstrate the importance of using a torque wrench, ITS conducted a test using the setup
shownFigure3. This setup was used to measure the return lagsai®l the insertion loss {$
associated with an N female to N female adapter. The test involved haedingithe two
connections to thadapterand measuring:$and $;, thenloosening, and then #t@ghtening the
connection. This procedure was repeated six times. The measured values of the magnjtude of S
versus frequency is shownkigure4. The different curves correspond to the six different
measurements (i.e., hatightening cycles). These results show that the return loss varies by
about 3dB when only hand tightening is used.



Vector Network
Analyzer
S‘I‘I & 821

Port 1 ? (i Port 2

N Female to
N Female adaptor|

Figure3. Test setup used to show comparison between hand tightening and torque wrench
tightening of an N connector

The same test was conducted using a 48 torque wrenclfappropriate for Typé\ cable
connections)The measured;Scurves from those tests are showirigure5. This figure shows
that the variation in return loss is textd to about 0.3 dB when a torque wrench is used. Similar
comparisons are shown kiguresé and7 for S;;. These results show the importance of using a
torque wrench when making connections.

-21

-21.5

-22

-22.5

e ———————— e .t

-23

-23.5

-24

Magnitude (dB)

-24.5
-25
-25.5

-26
3450 3470 3490 3510 3530 3550
Freq (MHz)

s 511_mag_hand-tight-1 $11_mag_hand-tight-2 =====511_mag_hand-tight-3
S511_mag_hand-tight-4 §11_mag_hand-tight-5 ====511_mag_hand-tight-6

Figure4. S;; magnitude variations for repeated haightenedconnections.



-21

-21.5

-22

-23

-23.5

-24

Magnitude (dB)

-25
-25.5

-26
3450 3470 3490 3510 3530 3550
Freq (MHz)

= = =511 _mag_torque-1 =511 _mag_torque-2 S11_mag_torque-3
511_mag_torque-4 === S11_mag_torque-5

Figure5. S1 magnitude variations for repeated torqued connections.

Figure6. S$; magnitude variations for hastjht connections.
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0.1

0.05

-0.05

-0.1

Magnitude (dB)

-0.15
-0.2
-0.25

-0.3
0 500 1000 1500 2000 2500 3000 3500 4000 4500
Freq (MHz)

== =521 _mag_torque-1

§21_mag_torque-2== - 521_mag_torque-3
$21_mag_torque-4 === S21_mag_torque-5

Figure7. 1 magnitude variations for torqued cowtiens.

Another importantonsiderations to reduce the movement of cables airtbennectas. If one

looks closely abnN-type female connector, one can see that the inner connector is assembled
using a slotted collar. The slots in the connector atfevmale connector (s&gegure8) to

provide a tight RF connection. The slotted design also aktigist movement of the connection

If this movement is too severecan damage the slots on the conned@amagewill increase

the mismatch uncertainties and the losses per connection.

Figure8. Type N female connectaPhoto from Aerial.net website
(https://www.aerial.net/shop/product info.php?products id¥x780

3.3 Accurate Measurement of System Losses

System losses needed for calibration purposes can be measured in one of twusevaygNA
that contains both a source and receiver inside the instruonensignal generatdthe source)
with a power metefthe receiver)Measuring insertion lossesth a VNA is moreaccurateand
usefulbecause it measures both the magnitude aadgoof the received sigraid can account

11
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for mismatches when properly calibratd@dhe power metein contrastmeasures only the
magnitude. VNAs arghowevermoreexpensive (e.g., $150,008 the time publicatiorand
therefore may not be available all researcherand so understanding the difference between
measurements using both methods is impartant

To illustrate the difference between the twstrumentswe performed a set of measurements
using the test configurations showrHigure9. The test involved measuring the insertion loss of

a combination directional coupler, bandpass filter, and 15 meters of coaxial cable using a VNA
(Figure9(a)) versus using power meterKigure9(b)). The results, shown in the figure, indicate
the that VNA measures the loss to be 8.27 dB compared with 8.46 dB using a signal generator
and power meter, difference of only about 0.2 dB for this configuratiés. mentioned

previously the VNA will give he better accuracy and lower uncertainty, however, the difference
in the measurement is small aheé uncertainty of the power meta&n be included in the
uncertainty analysis.

Vector Network Freq: 3300 - 3700 MHz Power
Analyzer Output Power: - 0 dBm Meter
Port 1 9 Port 2 q

Freq: 3500 MHz I

Signal Freq: 3500 MHz
Generator Ampl: 0 dBm

RF Outp

Meter
Head

502 load Directional

Coupler

5001o0ad

50 foot
Fitter cable

50foot
Freq: 3500 MHz Fitter cable

521 @ 3500 MHz: -8.27 dB

(a) (b)

Figure9. Schematic showing how the transmittingesiof the ITSropagation measurement
system was measured with a VNArsusa signal generator/power meter combination.
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4. COMPONENT MEASUREMEN TS

An important part of the test planning process is assembling, testing, and characterizing the
hardware componentkat will be used to conduct the propagation measurements. Fiflaes
11show the ITS channaounder and the equipment layout for the transmitting side and the
receiving side of the systej@]i [8]. The key equipment items that need to be characterized prior
to conducting a propagation test are a) the transmit power amplifier; b) bandpass filters, c)
directional couplers, d) antennasid e) thevector signal analyzer (VSAThe measurement of
each of these components is addressed in Sedtibits4.6. Most of these components are
common to other types of propagation measurement systems.

Power Amplifier

RFIn

Signal Generator Freq: 1767 MHz

Amplitude: -4 dBm

RF Out (4

Back Panel of Signal Generator

Trig Trig Ref 10 MHz
In Out In Out
o O p O

Rubidium Oscillator

-33.67 dBm

Meter

10 MHz
Ref Out
o

Figure10. ITS transmitter equipment configuration used in conducting propagation
measurements.
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Power
Divider

Rubidium Oscillator

Ext Ref
In

VSA Back Panel

IPPS 5 10

Out MHz MHz

o O

0 1PPS Freq
Hz In Adj

(o]

Rubidium Oscillator Back Panel

Spectrum Analyzer

Figurell ITS receiver equipment configuration for measuring RF propagation attenuation.

4.1 Signal GeneratorOutput Power Variability

Since all propagation measurement systems need to generate a carefully controlled, well
calibrated signal, it is important to characterize the variability of the output power of the

measur ement

systembs

iemegtmeedls togoe perdormed usimg.the Jame s

RF frequency or frequencies used during field measurements. A schematic of the system setup
for measuring signal generator output power variability is shovAgiure 12.
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Freq: 1767 MHz
Amplitude: -20 dBm

RF Out (S

50 2 load Directional

Coupler

Out

Power

-23.67 dBm Meter

Power
Meter
Head

Figure1l2 Schematic for signal generator output power testing.

Table2 shows signal genei@a output power level measurements from a test conducted by ITS
prior to one of its propagation measurement campaigns. The output power was recorded over
five days at different times of day. The output power through the directional coupler is given in
column 3 and the power read at the coupled port is shown in column 4. These results show that
the meang) of the 19 measurements in column 328.56 dBm and the standard deviati@hié

0.66 dBm. The reading at 3:24 p.m. on 4/11/2016 was the lowestgaeddhe measurement

period and was lower than the next lowest by about 2.7 dBm. The reason for this anomaly is
unknown, but if it is excludedbecause it is a statistical outli¢he meangd) of 18 readings

is-20.41 dBm and the standard deviation is 0.01 dBm. The standard deviation of the output
power is useth thetotal endto-end error budget, which is discussed\ppendix A We also

monitor this quantity in the field and this analysis helps us understand when the power amplifier
is not behaving as expected.

Table2. Recorded output powers for signal generator.

Power-Output
Date Time (dBm) Coupled Port (dBm)] Temp (deg F)
4/11/2016 12:54 p.m. -20.40 -40.55 -
4/11/2016 3:24 p.m. -23.29 -40.54 -
4/12/2016 7:54 a.m. -20.40 -40.55 -
4/12/2016 8:20 a.m. -20.41 -40.54 -
4/12/2016 1:09 p.m. -20.40 -40.56 -
4/12/2016 3:40 p.m. -20.41 -40.55 --
4/13/2016 7:16 a.m. -20.39 -40.57 --
4/13/2016 10:44 a.m. -20.41 -40.57 --
4/13/2016 12:42 p.m. -20.40 -40.56 --
4/13/2016 3:45 p.m. -20.42 -40.56 --
4/14/2016 7:30 a.m. -20.40 -40.56 83
4/14/2016 8:19 a.m. -20.40 -40.54 83
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Power-Output
Date Time (dBm) Coupled Port (dBm)] Temp (deg F)

4/14/2016 8:48 a.m. -20.40 -40.56 83
4/14/2016 10:36 a.m. -20.41 -40.57 79
4/14/2016 3:15 p.m. -20.42 -40.57 --
4/15/2016 7:20 a.m. -20.41 -40.56 77
4/15/2016 9:08 a.m. -20.41 -40.55 79
4/15/2016 12:23 p.m. -20.42 -40.57 83
4/15/2016 2:55 p.m. -20.40 -40.56 78

€ -20.56 -40.56

G 0.66 0.01

4.2 The Transmit Power Amplifier

Thet r a n s rpowertamplifi2r@A) booss the signapowerbefore it isfed totheantenna. It

is importantto check the power amplifier for linearifgutput power is directly proportional to

input power)andto measuréarmonic signal level® ensure that the transmitted signal energy

is not excessive outside the allowed bdfigurel13 shows the equipment setup used to
characterize the PA. This testing involves feeding either a CW or broadband signal from a signal
generator into the PA and then varying the output power of the signal generator. It is important to
add attenuator® the path so thdhe outpusignalfrom the PA does not exceed the maximum
allowed input poweto the VSA orthe spectrum analyzer (SA). For the ITS test configuration,

the power amplifier maximum output power is about 50 W&s(80 dBm), so a total of 9dB

of attenuations placedin the path between thgower amplifierand the VSA/SA. This resulis

an input power tohe VSA/SA of only -10 dBm, which is within the tolerable range

The results of the linearity testing of three diffiet PAs are shown irigurel4. This figure

shows the PA output power values plotted versus the input power from the signal generator. All
three PAs exhibit linear bavior for input power levels less than abéutiBm. Therefore the

output power of the signal generatoHgure 10 must not exceee?2 dBm when conducting
propagatio measurementgigurel5shows a screen capturerfi@an actual measurement of

PA-1 whose statistics are given in the first rowlalble4. For this amplifier (blue asterisks), the

plot shows linear behavior for an input level betweeand-1 dBm, and no#linear behavior

above-1 dBm. The PA2 exhibits linear behavior frori0dBm to 0 dBm and P& amplifier

exhibits linear behavior betweet0 to-2 dBm. Any input signal level at or belo® dBm

allows the PA to operate in its linear range.
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Signal Generator

RF Output —
Q Power Amplifier
RF Input RF Output
—— 20dB, 100 Watt
e Attenuator
VSA/Spectrum Analyzer

30dB, 5
Watt 10dB, 5

Attenuator Watt
Attenuator

NI

Figure13. Equipment setup for power amplifier testing.

30d8B, 5

Figurel4. Input power (dBm) vs. Output power (Watts) for 3 different power amplifiers.

Table3. System linearity measurements

Signal Generator Output Power (dBm) SA MeasuredPower (dBm) Power (Watts)
-5 -46.3 27
-4 -45.36 33
-3 -44.31 38
-2 -43.7 47.8
-1 -43.32 52.2
0 -43.38 51.5

17













































































































































































































































